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(54) MEASUREING APPARATUS FOR SIGNALS FROM LIVING BODIES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To completely eliminate noise 
component contained in magnetically detected signals. 
SOLUTION: The apparatus resolves magnetically detected 
original signals from a SQUID sensor 1 into dependent 
component signals for each magnetic source according to 
ICA process by a magnetic-signal resolving station 4. It is 
provided with a constitution that judges whether each 
dependent component is noise component or not based 
solely on the state of the component at a noise-component 
eliminating station 5, and restores magnetically detected 
signals from remaining dependent non-noise components 
after removal of what has been judged as a noise 
component at a magnetic-signal restoring station 6. The 
signals obtained from the SQUID sensor 1 are sufficient 
enough to eliminate the noise component contained in 
magnetically detected signals and to permit separate 
analysis of each component without need of providing a 
proper magnetic sensor for noise detection. 
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o^^^i ixm%= txm d ^< y a x&tfrm^m 
teftm^um^wm (tat. 3n*k «s) ttn&\m 

[000 1] 
[00 02] 

^-t&zbirzkvm^&mmm^ 
[0003] ^*3&^ai**w^**««*a€ 

T#&SK5Kft£ LT> SQU I D (Superconducing Qua 
ntum Interference Device: SS^fi^f^lt) SrJIM 

h» ;^v/i/f f ty^sQU i D^yf ti, faT 

if ■ 'Ktt Lfcfltefci: &o T . 

[0 0 04] £<OV;Uf-^y*/WSQU I D-fe^lf 

<^m>kmiLx%&Mimm<vmt>i,zs<t. wawtc 

mitl^IO#SQU I D-feV^TMISTSl^^ixT^ 

^^mm^m^zm^^x^mmmn^ihti 
x. ^msmmsm^m ttK^msfiui 

^6 (M£fcfl*HPF7 - 3 2 7 9 4 3#4«l*#Ba) . 
[0 0 0 5] 

#squ i D-feyfc^ti 



#squ i D^y^^^m^aifi^-(-i^7^i>y 
a xmmz xhJA xa&rtfiis t fre *$ d n h 

[0006] *£T\ 4*^»^ffl^SQU I D-fey 

if t i±jmo y xmMMft^fmcotim* y-rcv a xm 
%f3f&mmzmj£t& z.t\ f zx vn^titi y a xmn 
mmm^mmu 4*mk^squ i D^y^r 
comMM&mmz^ttix^h j a xmt*w%fthn 

[0007] y a xmmk&m-m <?m%^ > 
vt£imm&fem<7)SQu i D^y^tetsseg^ 
s^t^t^ o . y a xmsmtti^mcomM* y^rx-nh 

ttmLx^hhtfT(,±^cr>x\ j a xmmm.\mm<^ 
m%-^ y^rx-nfz y a xmMM&m^izm^^ . 
^an^ffl^ squids y^-commM&m^z^tix 

^&SAXf&ft*mmt&ZLtt,z%:& <> u^l. y-rx 

HWtw^^fflK^y >f X*** jESIfc:*** - ^ 
«^HL<. ^-colS*. 4«MK1^)SQU I D-fe 
>-!f<^8»*ttHi^ ^> y 4 Xj£#£-hJH$*-$- & - ^ 

[0008] i«0«?Htt. ±E<^Wf t-^s ^Wl-^ 

y >f xj&fr£+#£^*-rs - 1 s6«t# ^^^fi^itaii 

[0009] 

^s^v^t. M^Mmim^y^zxvm&ztifzffi 
^m^mm^AL^izm^m^mw^t. z 
com^m^mz x K>ftM$ftfzm±i&ftco*cosAx 

< y a xi$L#ffi£^&b ,%4tJA xmrn^hzm^ 
^mmmm%^h\mwt^b, mtztitz&m 
itim^^^^±f&^znm^hm^ism ces. 
^rw. sis) ^nhimmmm^b *mnx\^z. b * 

[ooio] Cf^fflD »cfc:. -<^)^^*ffW»J^ 

[ooii] <i co^pm cozMwt t/z x Ki^mmmtm^mff 
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XJ-i X^mt^fitz^ K) colts J X&£j8ftlz& 

-?stMW» mjm&m^) mxjt^Kxmmm^ 
w^m^tth. % LTs mmm^mxn. wttm 
Mmzm^ ^x^mmn^iriotiu^. m^^wm 

[ooi2] z&xot'Z^ ^co^m^itmmmm& 
xu . mf mzm^com^ ^mm.(om^z^mthmL 

j$3hfrf/r ( I CA : Independence Component Analysis) 

co^m^^m $ tttz±x . &mALf&wzn ^x&m 

t *> s ^mn^m^m^>^xn^tifzm^rf3fx\ 
y^x^^+^izm^ti^mm^mm^mTm 

[0 0 13] 

[0014] ^«^fWK»tf«isiati s m i 
ipfcs (**> M<7)mm$m.mmz&^x&& 

SQUiD-kytmfeftillJAf^ (S^ff^-) 

[0015] wfty^/i/SQU i D-tyy-i 
Ucfl^SQU I D-fev^i a 3 M»ffltfc:rU'f«fc:S 

QUID-feyf 12 8f^yW(7)SQUI 

9o**^<^ajsgwfflttWiar5 1 2 m s e c xh 
[0016] ifc, ^;H^^y*^SQU 1 d^>-^ 

i^»a^T-^sawR«*2tt. #squ 1 D^y^r 



ssssasaifi^ LTfi^#ia5 3^MD^^ 0 

Mism^ffifi-^ai 2 8ff 5 1 imconm 

[0017] (i^JSBlffl 3«. d^Bjco^B^fKII 

#^isifc^a*^Hc*s?-r4mMfi#*»a?4 t . gs 

m^^m±mt^w<r>w^Mzm^x mm lxw. 0 
»<y>fx«flH»*»5i:. y^i xm.mm^tifzm 
*xrm;A xtkiLf&ttizm^ K^mmk&imcoB^ 
MLx&i&^ey&ttmsmam^b Lxmmztn^ 
&mmmwtm6 1 zmtx^z tthiz, msurn^ 
wtm 6&t> comimm^itiiE^zm^ ^x tkimmM 
ffi&ftom$mffig£7t:ffiz_x^&m. **wo^a 

[ 0 0 1 8 ] Jiat^amft^i?^4^*^ 

«4«feS*afc:. S^fi^«7c»6 3Wi#a7n^Sfc:. 

[0019] OTs i<^#«H*304M»««fcoV^ 

[0020] SBE»«#4MWP4tt. HilB8tffcffoT# 
^tl4 128ff5 1 2^J^T^^J^m^*fl-^B 

mmcoi ca («srfig4h»w) wmt^m^\ 1 2 

841=5 1 2^t»J(7)ICA m$M#ftffi) ff# 
[002 1 )^0, ««S^»»4-Ca s I C A 

tzjmztLt>e>vi>&. 

[0 0 2 2] ^rio. ZZLTm^t>tli> I CAfrWWte. 

[0023] tfz. mmmmmcom^. mmmmm 

4ti. H--**t:oV^TICAS#XS:aORIi|^TlD 

a . »ni— tRwui t xvmc?)m£<o\Eimtfm&fzz> 0 

[0024] g!i(f . **HV*l»(^iaScORJKS«at^- 

4 1 c a ft # x ^snac^jsatc: iot, s co« 
(^^^aw*) fi^*K*»6se«w 
i<zmL~$h amzxh m^m . mpty^x^Ka^m 
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[ o o 2 5 ] srfc, mz, B<mmfrt>&m-&w5tfr 

«*» a *(c 1 Lfc V 

an» 3 F%«?5»'5iiLiii»*ij«sr<i-s*» mm 

J« 3 F%L=Srv ^ 3 fc-Witf J: i >. 
[0026] y^ ;*tt4H***5tt. a«l«#ftffff4 
tJ:oT5l<*4>iX7t I C A«-f-x^*3{tl.#Jfto5a£^t 

g&fcoii-^ I C Aff X^#ff^ h;Kc-?^t, t 
MSmm5 1 2m s e c<33 feffi£0Ufc^&a^(cM 
*tf**D Tic J; 9 f%££ T«0#*l£ 

*f#SEHg (0IU«"O~2 0 0 m s e c ) CO^fil^flM 

com&ttmmm (ffltfcT 2 0 0 m s e c -5 l 2 m s e 
c ) «50^Se«HfflM b <7) JrtM a /M b £ N £ 

y-f Xj&fr-CJ>&i:ffi3!IU -j£ffi*}tco*§^ -feoff 

[0 0 2 7]#y-f xsLfiy&fl- ( Jto6#jfciH 
-?tt*£#a»tti N Wlft-MUDTfcJ: OMaW^ife 

4»it3t^jSua»fe:^:# < . iifc. y 4 xm- 

tettm-t&yjxmmt. mmn^DTizx owaw* 

"5-i.t*utn*jSJai»i:tti^fBM8*saf< , ^7 Wko 

EMcOSWIIIffiM b COitM a/M b tCOV vai„ *<0 
If-^J&^T* <0JtM a/M b tey|s$ < , 

y-fX'34iU3g^c7)^rc7)i:bMa/Mb^#<^i5. JtM 
a/M b (^/hSrggffi^s i fc T3fo£fig*#y-f Xjfcfr 

[ 0 0 2 8 ] -$-fc;fofe N >M*«$H***5« S y-TX 

») -c$>&tmiiztitei><D*mm-t&. y-r xj&^co 

^7 h /U£ 0 IzMM-tZ Ztl,z£ *)ftbti& . y^fXBJt 
^Hft^ff 5 J: h y X**|fc*fcff o T I C Afl-sp-X 
til CAfi-^Xafc^-^. 

[0029] m%mwwtm en^ y >r xj&frg&sgp 5 

T*i6 £>*ut I C Aff-^X at. I C A 

W) tr^JW^trMT^-S 1 2 8ff 1 2 Q¥\<nwmm, 

cOiS I C AfiWW-i t £flJ^"C. 1 2 8tf 5 1 2^ijc0fi= 

frfctiT . ^a^i±j<I# B y Xj&^-hfr 
S^fL/t^TC^^ffig^-B a ( =W-i X a ) im#>t> 

[0 0 3 0] ^,fl^-fl7cg|56tfe^T(i. M£ 



JUL/i I CAil#Xa$rfflo-cw-i XaSrajstg^ff? 
i k fc J: 9 , a7cSS^tt{lJS^ B a £:£a6l> £ *iT'§ 
4. 

[003 1 ]-?- LT\ «Aimrf«7a s fl^il^tBfl 
-f-Bafc^Vs'C^ft^^^f^fia, fS 
7c^m^ajfI-^B a CO 1 '-K— /Wj?8ftf>EF*. ife#:vS 

fe^-BacOSpatial FiltercOM*. ^fr/SS!im?^i!gcOffi 

[ o o 3 2 ] mmsmwcom*T%mM3i,&^ a> 

t'^-?&£v^cvmM7°vX7j>m$:<£'b< l zmf&zti 
x\^hi><7)x-h&<, 

[0033]^$ £>t, ^SMSati. fi?tlf^*SrHEfc 
THl*-r*7-U^-9i:V^fcffi*«HHI*«liT*J 

9, txmMim^ 7 x% ^titz^msmmm. 
9. xy v^-9t-epsij§^ r>xz mmzi>%~?x 

[ 0 0 3 5 ] ^rfc. H2{i s SHfe0Bdllc J: 
cOftfflMTCO^&e^fc^-r 7 n— - hr* 
9 . H 3 f±il^^tBfl^-c0fI#^^t.^^X7 7 
T&9. IM4«I CAlfx«i^fi:^t/57T 
* 9 , IH 5 ««7£^^ffift#tf0fI-^gB#^t;^^-rX 
y7X'h&„ 

[0036] {ML. «TO»^. a!»*«Sfc:-r4fc» 

frffiV^* fc fc fc fc . fl|a##-g|5D Tic j; |>±#:/\co» 
n^ith 9 iHJtlB^A. 200itiseci)SU 
WMtlS^ ^-iHc=«jWWtSW-J: 3 tc L 
tzcr>X"$>&, 

[0 037] CXx-yXS 1 ) 7r>"hAi0^lcv^ 

[0038] [Xf'y7S2)«aBttcff,T, S3 
tc^-TJ:3^, fS^agP3^vii:^,^tH^B^A* 

-cH808ft y^^imm^mt^^-t^^ ? 

X'h 9 . H 3 60B#p H m t C0B#,^T MT^sg^-f 

[00 39] Cx-r.yXS3 3»«e-^iM!f*4fc:«fc- 5 
Ts JUS^mfe^-B^l 2 8fflc0MS^^tC^§it 
T ICAte-^X^io^ixSi:i:t>t s ICAff-^Xco 
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[0 0 4 0] (Xf77S4] I C AimXCOMMT^ 

S*U Bf^0»fc:»LTvvfUf. xf 77S5M 
[004 1 ] (Xf77'S5) y4X*4Mfc3«5fcJ: 

[0042114(1 ICA«#Xtet3tf*8ffl#<9 

(«tt^rfti36*iE3H-ffcSiTJfe ) icai-ic 

I C A 

i c a 2 immmz x&;a xmnt&hti, 

*4LfcJ«# ICA5(i60Hz Offiffl«Bfc «t hJAXm. 

[0 04 3] [Xf77 8 S6] «E«e-#«7G»6fc:J:o 
TfaTU^m^mff-^ B a feili 0 H 5 . flTuK 

«»aj«-9 B a <7)f^ C H 1 — C H 8 CO 8 f-* > 

T&D. Xf77S 5TV>fxm^k¥'J^$tL^a±lt 
4bW**tfi* £ k fcj: 0 > «7GBSE»»ai«^B any >f 
X«#0H^fcl$*3:hJte ^)K^T £ 4: i < 

[0 044] (Xf7/S 7 D Itfeftfc^K^atfl 
^-B a i:foTIIWS7CJ; hMmsmffitmtf 

[004 5] ja±fcBBfiLfc X o fc. H««co^*B8« 
WWMfcJiWJ. I CA ^Jfefcifto 

y >r xjftfr t we s *^ai**36q»35p<xfcft. # y a 

^XffiM^ffi^ffl^^^V^^^M^fgttTk^. 4. 

ftm^fJ^ffl^m^>^T#^ti^«w^T\ y-r 

ita^g^iwf . i c Am^xcoim^mmiz x -? 
x, T-mmmz^^h s j Xf&ft^m^y j xtt^co 

[0046] ££>(C. d^BB^JW®^^^^. H 



aaBB»ae*6»fe*«>fc i c aii^^i^l^ 

[0047] I C A l tt*6B8«fc:J: * y-f X» 

icA2(i60Hz ^ffiflHuaicK «t & y -f 

xaak#i.6ii, £ftfetty>TXjft#fcraeS*L*£ 
fcfe:J:9l**Sii6. *y-f X»u5L*»kWfe 

i c As^szmmt. m^izwtmmmm^z 
t&bxm^rmmifr o^tizx*), m&jSLftzt us 

[0048] Witf s SfcfijK* I C A 3 C0frfrt>Wt L 
3feBH8iae#*fflVV Spatial Filterffifci OS^iSW 

I/O**, m&®&lCA4<nfrfrhmtLtz 
MmmimZm^K Spatial Filte^ti^ft^jiaWf 

[oo49]i7, s&m^commftmm^Hzm*: 

[0050] z<7>mi&. ±mmmcoBmizmt>ti&zL 
t a* < . ti bo i a itzmmtfcth z t & . 
[0051] (Dswsim icAtfxcoa 

^EIQoaWfllllftM b OibM a/Mb teXc** MS: 

BK^y xbr^t* 3&«*^ wa w- * mmx t> o fc 

^\ lCA«^x<^^^eoe-9^t*^*ttJt« 
WiHflpT (t°r?x^x) 

UJi±^totty-fXkwsu^* fit. zico^mm^ 

[00 52] (2)4fc s ICAfi#X(?Mltfi!JE*0« 

ttiuft#3^y >f x«»t* s Wff*»* TOM 
«>. i ooHzjaubtrfciiidry^xkTOs^fi. 

[00 53] (3) SfelC. Wt«t#*T«aLfc= 

m Lxm&j&ftifis a xfflrzh h mwtt&m 

[00 54] ±aLfcsoi»«±. laatf-fcis 
^fwss^-asiit $■ xmw LtztK mmm ¥ 
itm^t&tkm^mmwxfo ot^ nauog&s 

[0055] 
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#T*> £ six, y >f xj&fr k 

t\ y>fX«^^^^s^*#s-^*PPffflcoa 
mi i mmii f zm^immmmw^im&^ 

[134 ] I CAfl-^fctJtt* 8«d««tUtA»0»« 



[15] fl^m^mfl^ 8 f - * y ^y^coifg^ 
[B6 ] KHflnM**6#ftte I CAi^i8$» 
[H7 3 aTcLfclRIHBaHfi-^tffl^TSpatia] Filter 

SrffllvCSpatial Filter^ J: 9fl^S8?#T Srffofclt 
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